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Abstract 
Tremella is an excellent source of polysaccharides. In this study, microwave-assisted extraction was employed to 
extract polysaccharides from Tremella with water. By using response surface methodology, the effects of microwave 
output power, extraction time, and solid-liquid ratio on polysaccharide yield were investigated and the optimal 
conditions were determined as follows: extraction time 60s, microwave output power 750 w, liquid-solid ratio 20. 
The average experimental polysaccharide yield under the optimum conditions was found to be 65.07±0.99 %, which 
agreed with the predicted value of 69.07 %.  
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1. Introduction 
Tremella is a species of fungus producing white, frond-like, gelatinous basidiocarps (fruit bodies). It is 
widespread, especially in the tropics, and is parasitic on other fungi (Hypoxylon species), that grow on 
dead attached and recently fallen branches of broadleaf trees. The fungus is edible and produces 
polysaccharides that are attracting research interest because of their various biological activities [1-2]. 
Microwave-assisted extraction (MAE), a relatively novel extracting approach using a microwave 
applicator as an energy source, has received increasing attention. Compared with conventional methods, 
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MAE has many merits with shorter time, less solvent, higher extraction rate, and superior products quality 
at lower cost [3]  
The objective of this study was to employ response surface methodology to study the effects of 
microwave output power, extraction time, and solid-liquid ratio on total polysaccharide yield, and to 
determine the optimum parameters to maximize polysaccharides yield.  
2. Materials and methods 
2.1 Materials and Chemicals 
Tremella was obtained from Guangzhou, Guangdong Province, China, and powdered for this study. 
Glucose standard was purchased from Sigma. Other chemical were of analytical grade. 
2.2 Microwave-assisted extraction 
The microwave-assisted extraction was performed using a microwave reactor (WBFY-201, Gongyi 
Yuhua Instrument Co., Ltd) with emission frequency of 2450 MHz and maximum output power 750 W. 
Samples of 0.5 g of the dried powder were extracted with different volumes of distilled water at different 
output powers for different times and then filtered under vacuum. The filtrate was diluted to 100 mL for 
determining the polysaccharide content. 
2.3 Determination of Polysaccharides 
The concentration of Polysaccharides in the extract was determined as glucose by the modified phenol-
sulfuric acid method [4]. A Unico 7200 spectrophotometer was used to analyze polysaccharides in the 
extracted solution  
2.4 Experimental Design 
One response was measured: polysaccharide yield (Y), defined as the ratio of polysaccharides in the 
extract to total amount of polysaccharides in raw material expressed as percentage. Each of variables to 
be optimized was coded at 3 levels: -1, 0, and 1. Table 1 showed the variables, their symbols and levels. 
The selection of variable levels was based on our preliminary study. 
A central composite design (CCD), shown on Table 2, was arranged to allow for fitting of a second-
order model. The CCD combined the vertices of a hypercube whose coordinates are given by the 2n 
factorial design with the “star” points. The star points were added to the factorial design to provide for 
estimation of curvature of the model. Three replicates (run 3, 6 and 14) at the center of the design were 
used to allow for estimation of “pure error” sum of squares. Experiments were randomized in order to 
minimize the effects of unexplained variability in the observed response due to extraneous factors. The 
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Where b0 was the value of the fitted response at the center point of the design, which is point (0, 0, 0). ȕ0, ȕi, 
ȕii, and ȕij were the constant, linear, quadratic and cross-product regression terms, respectively. 
3. Results and Discussion 
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Table I. Variables and their level for central composite design 
Variable Symbol Code-variable level-1 0 1 
Extracting time (s) X1 20 40 60 
Microwave output power (w) X2 150 450 750
Liquid-solid ratio X3 20 30 40 
Table II. Central Composite Design Arrangement and Response 
Run Variable  level Response
(Y) X1 X2 X3
1 20 750 40 49.07 
2 20 150 40 45.96 
3 40 450 30 64.71 
4 60 750 40 70.00 
5 40 750 30 65.40 
6 40 450 30 64.59 
7 40 150 30 43.35 
8 60 750 20 63.21 
9 40 450 20 63.65 
10 60 150 40 49.95 
11 60 150 20 52.75 
12 20 750 20 61.09 
13 20 450 30 55.33 
14 40 450 30 56.58 
15 20 150 20 49.16 
16 40 450 40 56.29 
17 60 450 30 58.73 
3.1 Diagnostic Checking of the Fitted Model 
When many factors and interactions affect desired responses, response surface methodology (RSM) is 
an effective tool for optimizing the process. RSM uses an experimental design such as the central 
composite design (CCD) to fit a model by least squares technique. If the proposed model is adequate, as 
revealed by the diagnostic checking provided by an analysis of variance (ANOVA) and residual plots, 
contour plots can be usefully employed to study the response surface and locate the optimum [5].  
Multiple regression analysis of the experimental data yielded the following equation: 
Y=45.67706+0.17020×X1+0.022529×X2-0.18582×X3 
The result of ANOVA was shown on Table 3. The Model F-value of 7.4 implied the model was 
significant. There was only a 0.39 % chance that a “Model F-Value” this large could occur due to noise. 
3.2 Diagnostic Checking of the Fitted Model 
Variables giving quadratic and interaction terms with the largest absolute coefficients in the fitted 
models were chosen for the axes of contour plots to account for curvature of the surfaces. In Figure 1, 
microwave output power and extraction time were selected for the vertical and horizontal axes 
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Table III. ANOVA FOR THE FITTED MODEL 
Source Sum of squares df
Mean
square F value Prob˚F
Model 607.22 3 202.41 7.4 0.0039 
X1 115.87 1 115.87 4.24 0.0602 
X2 456.82 1 456.82 16.70 0.0013 
X3 34.53 1 34.53 1.26 0.2815 
Residual 355.55 13 27.35  




Figure 1. Effect of microwave output power and extraction time on polysaccharide yield. Liquid-solid ratio=30 
3.3 Optimization 
The model is useful in indicating the direction in which to change variables in order to maximize the 
pectin content (Y). By using Design Expert 7.0 software, the point at extraction time 60s, microwave 
output power 750 w, liquid-solid ratio 20 could be recommended as a practical optimum. The estimated 
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values for Y were 69.07 %. A verification experiment at the optimum condition, consisting of 3 runs, was 
performed and the practical Y was 65.07±0.99%. 
4. Conclusion 
Optimum of microwave-assisted extraction of polysaccharides from Tremella with water could be 
achieved by extracting 1 part of Tremella with 20 parts water at the microwave output power of 750 W 
for 60 s. Such conditions resulted in the polysaccharide yield of 65.07±0.99%. 
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